The literature introduced binary Brayton cycle and the isothermal concept as two promising methods used to enhance the performance of the gas turbine. Consequently, this work presents a cycle based on the blending of the two methods. This cycle is composed of gas turbine topping cycle with isothermal combustion and air turbine bottoming cycle with isothermal heating. Different parameters affecting the cycle performance have been studied. Simulations demonstrate that the present cycle achieves drastic enhancement in performance. The cycle merits justify its potential utilization for future power generation.
Nomenclature

C p
Specific heat at constant pressure (kJ/kg  K) M Mach number Q isobar Specific isobaric input heat to the cycle (kJ/kg) Q isoth Specific isothermal input heat to the cycle (kJ/kg) Q total Specific total input heat to the cycle (kJ/kg) R t Isothermal unit expansion ratio T Temperature (  K) T r Temperature ratio, T3/T1 w c Specific work of the topping cycle compressor (kJ/kg) w net Net specific work of the topping cycle (kJ/kg) w t Specific work of the topping cycle turbine (kJ/kg) Symbols  Regenerative heater effectiveness  Specific heat ratio  Isentropic efficiency  Pressure ratio of the topping cycle Subscripts 1
Compressor inlet condition 2
Compressor outlet condition 3
Combustor (topping cycle) outlet or regenerative (bottoming cycle) outlet condition 4
Inlet to turbine 5
Turbine outlet condition
Introduction
Many investigations have been performed in order to increase gas turbine output power and/or efficiency in all possible ways. Maximum cycle temperature is achieved using blade cooling [1] or using different blade alloys [2] . In order to increase the cycle average maximum temperature, reheating has been investigated by [3] . Other studies have been focused to minimize the cycle sink temperature by operating in combined cycle [4] [5] [6] . In comparison to the conventional combined cycle; binary Brayton cycle does not require bulky steam equipment (boiler, steam turbine, condenser), and water processing unit. Several researchers [7] [8] [9] [10] [11] [12] [13] [14] investigated the binary system and showed the feasibility of this configuration. It is mentioned from [11] that, for the Allison 571K topping gas turbine, introduction of the air bottoming cycle with two inter-coolers led to an increase in power from 5.9 to 7.5 MW and in efficiency from 33.9% to 43.2%. The recent trend is to utilize binary Brayton cycle where the air bottoming cycle replaces Rankine unit. This reduces the cost of hardware installations as well as it could achieve a thermal efficiency of about 49%, which does not deteriorate at part load as happens with the basic gas turbine engine [10] .
Utilizing isothermal heating (sometimes referring to the convergent combustion chamber [15] ) is useful to increase of cycle work and efficiency of the gas turbine. Isothermal heating is a process in-between two processes that are; isobaric heating and isentropic expansion. Isobaric heating is performed in a constant area duct while isentropic expansion process could be accomplished in a nozzle. Therefore, the isothermal heating process could be achieved when certain specified amount of heat is transferred to a gas while expanding in a nozzle at a constant temperature. This process is achieved in the form of increasing of the flow kinetic energy while suffering from a slight pressure drop, [16] . This recent known concept is used due to the limitation of maximum temperature entering the gas-turbine [16, 17] . This will avoid blade inter-cooling and their bulk problems. The researchers [15] [16] [17] [18] [19] [20] [21] illustrated that the application of the isothermal heating process in the Brayton cycle yields to a significant increase in the cycle thermal efficiency and output work.
The aim of the present work is to present a promising cycle having a high-output power and efficiency. Consequently, the author introduces a cycle based on the blending between binary Brayton cycle and the isothermal concept. The cycle presented herein is composed of gas turbine topping cycle with isothermal combustion and air turbine bottoming cycle with isothermal heating. The current investigation represents a new approach that is not found in the literature. Different parameters affecting the performance of the cycle are investigated. The results have been derived numerically and summarized by figures.
System Layout
The schematic layout of the present cycle and its T-s processes are shown in Figs. 1 and 2 , respectively. This cycle is composed of topping and bottoming cycles. The basic components of the topping cycle are; compressor, combustion chamber, isothermal combustion unit and turbine. For the bottoming cycle, the main components are; compressor, regenerative heater, Paper: ASAT-15-155-PP 3 isothermal regenerative heating unit and turbine. The flow enters the compressor at state 1 and is compressed to state 2 or is compressed isentropically to state 2s. Here, s denotes the isentropic condition at any point on the figure. The flow enters the combustion chamber gases and leaves it at state 3. Further heating is accomplished in the isothermal combustion unit from state 3 to state 4 where such unit may be an integral or extended part of the combustion chamber. Isothermal combustion may be achieved by using some fuel injected from injectors placed longitudinally in the isothermal combustion unit. The gas enters the turbine at state 4 has a lower pressure than at state 3, where the kinetic energy of the gas has increased due to the nature of the isothermal heating unit. The gas expands in the turbine till state 5. The exhaust gases enter the isothermal regenerative heating unit of the bottoming cycle where it is cooled at a constant pressure to state 6. Finally, the flow enters the conventional regenerative heater of the bottoming cycle and is cooled to state 7 at a constant pressure. For the bottoming cycle, air at state 1b is compressed by bottoming cycle compressor to state 2b. The air is heated isobarically in regenerative heater to state 3b then is further heated isothermally in isothermal regenerative heating unit to state 4b. Finally, air expands in the air turbine to state 5b.
The present cycle proposed by the author is justified by improving cycle performance, although the cycle area is increased. This is achieved by the increase in the kinetic energy of the gasses admitted to the turbine. Using the isothermal concept with Brayton cycle is a potential solution for the limitation of maximum temperature. However, this leads to raise the exhaust temperature. In this case, there is a need of using bottoming cycle, otherwise; the waste heat transferred to the surrounding is very high. On the other side, using the binary cycle without the isothermal concept is restricted by maximum temperature of topping and bottoming cycles. Moreover, for the bottoming cycle, the heat transfer to air is limited by the effectiveness of the regenerative heater and the temperature difference between the exhaust gases and air.
In order to operate this cycle at its highest efficiency, especially for small-scale power generation; the author proposed that each of the two compressors and the two turbines operates at its design speed. This could be achieved by using split shaft layout as demonstrated in the findings of [22] . Fig. 3 shows this proposed layout where a portion of the electric power is supplied from each generator driven by the two turbines to the electric motors driving the two compressors. The other portion of power supplies the load. It is notable to mention that some types of electric motors and generators are available having compact features with high power to weight ratio making the feasibility of this system possible.
System Analysis
For the topping cycle, referring to Figs. 1 and 2, the relation of flow temperature at compressor inlet, T 1 , and the actual temperature at the outlet, T 2 , could be written as:
where,  is the specific heat ratio,  is the efficiency,  is the pressure ratio and the subscript c is compressor. Whereas, the subscripts having numbers can be determined from Figs.1 and 2 . The specific heat quantity of the isobar process, q isobar , can be expressed as:
where C p is the specific heat at constant pressure, and T r is the temperature ratio T 3 /T 1 . For the isothermal combustion unit, the specific heat quantity for the isothermal process, q isoth , is determined by the injected fuel to the mainstream. This quantity of heat results in increasing of the kinetic energy of the flow passing through the isothermal unit at constant temperature.
Since the fuel to air ratio is very small and can be neglected, q isoth is determined by the formula presented in the findings of [16] that can be written as: (2 and 3) , the specific heat given to the topping cycle is:
Neglecting the gas velocity at the compressor entry, the specific work of the topping cycle compressor, w c , can be written as:
where the subscript s is the isentropic condition and the subscript t is the turbine. Neglecting the gas velocity at the turbine exit, the specific work of the topping cycle turbine, w t , can be written as: 
where r t is the isothermal unit expansion ratio, and  t is the turbine efficiency. From Eqs. (4 and 7), the topping cycle efficiency could be assigned. Similarly to the above analyses, the equations that specify bottom cycle performance could be deduced. However, from the energy balance of the isothermal heating unit, T 6 could be determined as:
where the subscript b denotes the conditions of the bottoming cycle. In the above equation, C p of air and that of the gas are considered equal. The effectiveness of the regenerative heater, , that is used to determine point 3b can be expressed as:
Consequently, the whole conditions of the bottoming cycle could be specified. The work and efficiency of the present cycle could then be assigned.
Results and Discussion
The flow mass of the topping and that of bottoming cycle are selected to have the same values. The results are performed based on varying the pressure ratio of the topping cycle from 8 to 16 and varying its maximum temperature (T 3 = T 4 ) from 1200  K to 1600  K. Figure 4 demonstrates the relation between work and efficiency of the simple cycle, the binary cycle, and the simple cycle with the isothermal combustion. The two proposed enhancement methods achieve sensible improvement in cycle efficiency and work. For a qualitative comparison, the isothermal combustion shows more improvement than the binary Paper: ASAT-15-155-PP 5 cycle. The general feature of the results is that the maximum cycle temperature and the topping cycle pressure ratio () have a sensible influence on both cycle work and efficiency. Figure 5 shows the influence of topping and bottoming cycle pressure ratios ( and  b ) on the performance of the bottoming cycle and the binary cycle. The maximum cycle temperature is selected to be 1600  K. Higher valves of  and  b cycle result in enhancing the work and efficiency of the bottoming cycle and affect sensibly the performance of the binary cycle. Figure 6 and the following figures demonstrate the performance of the present cycle that is specified by the combining of binary cycle and isothermal concept. Figure 6 demonstrates the effect of the isothermal expansion ratio of the topping cycle (r t ) on the present cycle, its bottoming cycle and its topping cycle. Here, M 4 , T 3 , ,  b and isothermal expansion ratio of the bottoming cycle (r tb ) are assigned to be equal to 0.6, 1200  K, 8, 3and 0.9, respectively. Increase of r t leads to elevate the work and efficiency of the present cycle, the work of its topping cycle and reduces the work of its bottoming cycle and T 5 . These results give a good reason for taking the value of r t to be equal to 0.9 as in [16] . Figure 7 illustrates the effect of the isothermal heat quantity on the present cycle performance. Increase of the isothermal heat quantity is indicated by the raising the Mach number at the isothermal unit outlet. Here, the cycle is examined when the two isothermal units of the topping and bottoming cycles having the same Mach number at exit, M 4 = M 4b , that is equal to 0.6, 0.7 and 0.8. The present cycle achieves drastic improvement with the increase of Mach number. Figure 8 summarizes the different modifications applied to Brayton cycle. These modifications are the binary cycle, the simple cycle with the isothermal concept at M 4 = 0.6, and the binary cycle with isothermal processes (the present cycle) at M 4 = M 4b = 0.8. As one may notice that utilizing the two methods separately attains sensible cycle performance improvement while utilizing both methods together achieves drastic enhancement. The present cycle shows slightly lower efficiency than the current commercially available combined cycle. This is because of not using reheat in the present cycle, and many modifications may be introduced. Consequently, the present cycle may be considered as a promising power generation cycle with low thermal emissions and environmental impact since the average sink temperature is reduced.
Conclusions
From the study, the following conclusions may be drawn: 1. This paper represents a cycle based on the blending of the binary Brayton cycle and isothermal concept. This cycle is composed of gas turbine topping cycle with isothermal combustion and air turbine bottoming cycle with isothermal heating. 2. Binary cycle and Brayton cycle operating with the isothermal concept achieve sensible cycle performance improvement compared with the Brayton cycle. 3. The present cycle has drastic improvement in performance that justifies its potential utilization for future power generation. 4. Different parameters such as; topping and bottoming cycle pressure ratios, maximum cycle temperature, and isothermal unit expansion ratio have a sensible influence on the present cycle performance. 5. Significant improvement of the present cycle is established with the increase of Mach number at the exit of the two isothermal units. 
